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References - The purposes of this report are (1) to present the geochemical data which formed the basis for a previous report and (2) to illustrate the use of multivarite factor analysis for the purpose of evaluating relative favorability of areas containing uranium-bearing mineral springs. The previous report, entitled "Radioactive springs geochemical data related to uranium exploration," was presented at the 25th International Geological
Congress in Sydney, Australia, in August 1976, and has since been published (Cadigan and Felmlee, 1977) . The reader is referred to the 1977 report for discussions of previous work, sampling and analytical methods, sample bias, mineralogy of precipitates and other related information which for the sake of brevity will be omitted here.
Area of study
The 33 springs whose geochemical characteristics are described in this report are located in the Southern Rocky Mountains of Colorado and New Mexico and in the Basin and Range province of New Mexico, Arizona, and Utah. The
Colorado Plateau occupies the center of this area but contains relatively few recognized mineral or thermal springs, and these are located near the margins of the Plateau. Sample localities and kinds of analytical data available from each site for this report are shown on figure 1. Table 1 lists the sample localities by county, State, and geographic longitude and latitude. 
Mineralogy
The term "travertine" (properly a field term) has been used to describe the hard crystalline precipitates associated with many mineral springs.
Travertine may consist of almost pure calcite or a mixture of minerals that can be differentiated by X-ray diffraction. Calcite most commonly composes 10 percent or more of each of the samples of precipitate that we collected.
Other minerals present that compose 10 percent or more of at least one sample are barite, manganite, hematite, goethite, gypsum, fluorite, romanechite (BaMn+2Mng+ ^(OH)^), and pyrolusite. Quartz, feldspar, dolomite, and mica are among the minerals identified that represent detrital grains and rock fragments in the samples. X-ray diffractometer traces do not account for the significant amounts of As or W known to be present, as shown in tables 2 and 4. This discrepancy suggests that these two metals are present in amorphous or noncrystalline forms. Some precipitates contain native sulfur in minor to major amounts. At some springs, deposits of Fe and Mn minerals as well as S have been mined as ores. Parts of the Stinking Hot Springs travertine deposit were found to be composed almost entirely of barite; part of it has been mined, first as a possible uranium ore (because of its high radioactivity), then later as a soil conditioner. Only 16 samples. Only 17 of the most radioactive samples. 5N  5N  5N  5N  5N  5N  5N  5N  5N  5N  5N  5N  5N  5N  5N  5N  70  100   Strontium  (Sr)  7000  7000  15000  3000  5000  2000  3000  3000  1500 ,  15000  5000  5000  2000  15000  2000  15000  3000  3000 15000 10000 -Lithium (Li) . 100N  100L  100N  100N  100N  100N  150  100N  100N  100N  100L  100N  100N  100N  100N  100N  300  100N 100N 100N Conventionally the factors (causes) that can be identified are selected for interpretation, even though the number selected does not account for all the variation (effects). The first factor to come out of the analysis accounts for more variance than any subsequently derived factor, and for this reason it is identified as the most important factor affecting the parameters (variables). The second factor is second most important in its effects, and so forth.
For further discussions of factor analysis applied to data matrices, the reader should consult detailed papers by Imbrie (1963) , Steiner (1965) , Cadigan (1972) , and a comprehensive text by Harman (1967) .
Factor analysis of water sample data
The results of the R-mode factor analysis of the water sample data, table 3, are shown in table 5. Factor matrices for two to ten rotated varimax factors were studied, and the four-factor matrix was selected as most adequately establishing the order of importance and identifying the major causes of variation in the variables listed. The four factors account for 77 percent of the variance in the data for in the 27 water samples. Note: Underlined factor loadings are those for variables most affected by the factor under which they are listed. If a variable is significantly affected by a second or third factor, its loading for that factor is shown in parentheses.
Communalities are the sums of the squares of the factor loadings for each variable. They represent the proportion of variance in each variable accounted for by the four factors; thus, four factors account for 67% and 81%, respectively, of the variance in Ra and U concentrations in the waters.
We identified the four geochemical factors or processes as total dissolved solids (IDS), alkalinity, temperature, and Fe-U concentration. Be precipitation, heavy metals precipitation; and Ba precipitation. Table 6 variables and their loadings are divided into five blocks representing what might be called factor groups, as was done with the water data factor analysis.
The factor identified as mineral contamination is the most important Note: Underlined factor loadings are those for variables most affected by the factor under which they are listed. If a variable is significantly affected by a second or third factor, its loading for that factor is shown in parentheses. Communalities are the sums of the squares of the factor loadings for each variable. They represent the proportion of variance in each variable accounted for by the five factors; thus five factors account for 54% and 78%, respectively, of the variance in Ca and eU concentrations. Older precipitate deposits of extinct radioactive springs (or of springs which have migrated to new outlets) and the older parts of deposits of active springs lose most of their radioactivity in about 5,000 years. This loss of radioactivity is caused by radioactive decay of Ra, which has a half life of 1,600 years. The phenomenon may be used as semiquantitative evidence to help estimate the cumulative period of activity of some modern springs and to identify older travertine deposits of active radioactive spring systems.
Factor scores for water samples
The intensity of the effects of the processes or factors determined in factor analysis can be measured by factor scores as computed by Steiner (1965) . Algebraically the process of factor analysis can be visualized as a system of linear equations of the form: Zji = ajk fk in which i stands for the observations (samples) from 1 to N; j, for the variables from 1 to n; and k, for the factors from 1 to p. The problem is to calculate the a's (factor loadings) and the f's (factor scores); Z^-represents the Z scores (Dixon and Massey, 1951, p. 24) of each variable (j) for each sample (i). Tables 5 and 6 show the factor loadings for each variable.
The equation for computing factor scores is fki = bkj zjib can be computed several ways, but the simplest way to obtain factor scores according to Steiner (1965) , is to substitute factor loadings _a_ for the b_ values. Thus the formula would be:
The factor scores are calculated by converting all data matrix natural log values to Z scores. Then a factor score is computed for each sample for each factor. For example, to compute a factor score for one sample for factor 1 in table 5, the standard score value for each variable is multiplied by the appropriate factor loading, and the results, added algebraically, yield a single score for the sample for factor 1. When this procedure is applied to all water samples for all factors the result is the factor score matrix of In contrast, the samples showing lowest intensity effects of any factor are indicated by the large negative values for that factor. Thus, the sample with the least alkalinity effect is from Doughty Springs (Alum Spring). The sample with the lowest Fe-U effect is from the Col. Chinn well.
The four factors represent in a broad sense four new variables, and the scores are quantitative measures of the effects of these variables on the parameters measured.
Linear correlation coefficients (r) among the factors, using the scores in table 7, are calculated to be: 27 Table 8 .--Computed factor scores (as defined by Steiner, 1965) for prcipitate sample data ( Levels of Fe-As-Be and heavy metals precipitation correlate highly with mineral contamination, and levels of Fe-As-Be and Ba-Ra precipitation correlate highly with Mn precipitation. Thus there appear to be two groups of significantly intercorrelating factors: 1, 3, and 4; and 2, 3, and 5. The first group seems related to mineral contamination and heavy metals deposition. The second group seems related to Ra deposition. Factor 3 is included in both groups. The intercorrelations emphasize the fact that the effects of some of the geochemical processes tend to overlap to a highly significant degree. Thus, for example, the factor identified by us as mineral contamination is affected by the factors indentified as Fe-As-Be precipitation and heavy metals precipitation, and the latter two factors are similarly related. Calcium precipitation ( a factor?) may be a process competitive with the first four factors. Magnesium may occur both in mineral contaminants and in precipitates. Note its apparent negative relationship with Ca in factor 1 and its positive relationship with Ca in factor 2 in table 6.
Ranking of localities
Factor scores were used to rank the various sample localities in terms of the intensity with which each of the identified geochemical processes operated. This was done by using the highest sample score at each locality.
For example, ranking of the water-sample localities in terms of scores for factor 4, the Fe-U concentration factor, produced the following six highest ranking localities and scores:
Box Canyon Hot Springs
Based on the higher intensity of geochemical processes involving radioactive elements, these localities are considered to be the ones most likely to be associated with uranium mineralization.
Conclusions
The data presented in this report indicate-that samples of water and precipitates from radioactive mineral springs and wells can supply a processes operating at the sampled localities. Based on the relative intensities of geochemical processes involving uranium and radium as measured by factor scores, localities may be selected as sites for further exploration for uranium deposits associated with active hydrothermal systems.
The immediate value of using radioactive mineral spring data for uranium exploration purposes cannot be demonstrated. Little exploration for uranium in hydrothermal systems has been attempted, owing to unevaluated risks related to depths of ore and a lack of knowledge concerning possible ore grades and size of deposits. Further geochemical study of the radioactive springs may provide additional information needed to decrease the risks involved in exploratory drilling of the uranium-rich hydrothermal systems.
